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OPTIMAL PORTFOLIOS FOR DIFFERENT ANTICIPATING
INTEGRALS UNDER INSIDER INFORMATION
CARLOS ESCUDERO* AND SANDRA RANILLA-CORTINA
Abstract. We consider the non-adapted version of a simple problem of port-
folio optimization in a financial market that results from the presence of
insider information. We analyze it via anticipating stochastic calculus and
compare the results obtained by means of the Russo-Vallois forward, the
Ayed-Kuo, and the Hitsuda-Skorokhod integrals. We compute the optimal
portfolio for each of these cases. Our results give a partial indication that,
while the forward integral yields a portfolio that is financially meaningful,
the Ayed-Kuo and the Hitsuda-Skorokhod integrals do not provide an appro-
priate investment strategy for this problem.
1. Introduction
Many mathematical models in the applied sciences are expressed in terms of
stochastic differential equations such as
dx
dt
= a(x, t) + b(x, t) ξ(t), (1.1)
where ξ(t) is a “white noise”. Of course, this equation cannot be understood in the
sense of the classical differential calculus of Leibniz and Newton. Instead, the use
of stochastic calculus provides a precise meaning to these models. However, the
choice of a particular notion of stochastic integration has generated a debate that
has expanded along decades [24, 27]. This debate, which has been particularly
intense in the physics literature, has been focused mainly on the choice between
the Itoˆ integral [19, 20], which leads to the notation
dx = a(x, t) dt+ b(x, t) dB(t),
and the Stratonovich integral [29] usually denoted as
dx = a(x, t) dt+ b(x, t) ◦ dB(t),
where B(t) is a Brownian motion. Also, quite often in the physics literature, one
finds different meanings associated to equation (1.1) [24]. The use of different
notions of stochastic integration leads, in general, to different dynamics and, when
they exist, to different stationary probability distributions [17]; but it may also
lead to different numbers of solutions [7, 14].
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Since the preeminent place for this debate on the noise interpretation has been
the physics literature, the focus has been put on diffusion processes, perhaps due
to the influence of the seminal works by Einstein [12] and Langevin [22]. Herein
we move out of even the Markovian setting and, following the steps of [3, 13],
we concentrate on stochastic differential equations with non-adapted terms. Non-
adaptedness arises in financial markets concomitantly to the presence of insider
traders. Let us exemplify this with a model that is composed by two assets, the
first of which is free of risk such as a bank account
dS0 = ρ S0 dt
S0(0) = M0,
and the second one is risky such a stock
dS1 = µS1 dt+ σ S1 dB(t)
S1(0) = M1.
This model is characterized by the set of positive parameters {M0,M1, ρ, µ, σ},
each one of which has an economic significance:
• M0 is the initial wealth to be invested in the bank account,
• M1 is the initial wealth to be invested in the stock,
• ρ is the interest rate of the bank account,
• µ is the appreciation rate of the stock,
• σ is the volatility of the stock.
Therefore the total initial wealth is M = M0 + M1. Moreover we assume the
inequality µ > ρ that imposes the higher expected return of the risky investment.
We allow only buy-and-hold strategies in which the trader divides the fixed initial
amount M between the two assets; that is, long only strategies are allowed. The
total wealth at time t is
S(I)(t) = S0(t) + S1(t),
that is, the sum of the returns from the bank account and the stock. Assuming
a fixed time horizon T and using Itoˆ calculus we can compute the expected final
total wealth, which is given by
E
[
S(I)(T )
]
= M0 e
ρT +M1 e
µT
= M
[
M0
M
eρT +
M1
M
eµT
]
= M
[
M0
M
eρT +
M −M0
M
eµT
]
.
The last expression, written in terms of a convex linear combination, shows that
this quantity can be maximized by choosing the optimal pair
M0 = 0
M1 = M −M0 = M.
The corresponding maximal expected wealth therefore reads
E
[
S(I)(T )
]
=MeµT .
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This optimization problem is simple enough to allow for an analytical approach to
the extension we will consider herein. In particular, we will permit random and
non-adapted initial conditions that will model the knowledge of an insider trader.
Under these conditions, we will derive the optimal portfolio for different notions
of stochastic integration. The precise problem in presented in the next section.
2. Insider trading
We consider a financial market in which an insider trader, who possesses infor-
mation on the future price of a stock, is present. Precisely we assume the trader
knows the value S1(T ) at time t = 0, what we will implement mathematically as if
she knew the value B(T ). Moreover we only consider buy-and-hold strategies for
which shorting is not allowed. Mathematically this translates into her control of
the anticipating initial condition f(B(T )), where f ∈ L∞(R) and 0 ≤ f ≤ 1, for
the stock. Therefore, in our two assets market, we find the following two equations
that model the insider wealth:
dS0 = ρ S0 dt (2.1a)
S0(0) = M (1− f(B(T ))) , (2.1b)
and
dS1 = µS1 dt+ σ S1 dB(t) (2.2a)
S1(0) = Mf(B(T )). (2.2b)
This system of equations, as written in (2.2a) and (2.2b), is ill-posed. While
problem (2.1a) and (2.1b) could still be considered a random differential equa-
tion, the non-adaptedness of initial condition (2.2b) implies that equation (2.2a)
is ill-posed as an Itoˆ stochastic differential equation. There is a way out of this
pitfall that consists in changing the notion of stochastic integration from the Itoˆ
integral to one of its generalizations that admit non-adapted integrands. The fol-
lowing sections analyze three different possibilities: the Russo-Vallois forward, the
Ayed-Kuo and the Hitsuda-Skorokhod stochastic integrals. We compute the op-
timal investment strategy provided by each of these integrals, and subsequently
we compare them. We will show that, while any of these anticipating stochastic
integrals guarantees the well-posedness of the problem at hand, the financial con-
sequences of each choice might be very different. The aim of this work is to clarify
the suitability of the use of each of these stochastic integrals in this particular
portfolio optimization. We anticipate that the forward integral is the only one
among these that provides an optimal investment strategy that takes advantage
of the anticipating condition in the financial sense. Therefore our analysis further
supports the use of this integral in a financial context as employed, for instance,
in [4, 8, 9, 10, 11, 23, 25].
3. The Russo-Vallois integral
The Russo-Vallois forward integral was introduced by F. Russo and P. Vallois
in 1993 in [26]. This stochastic integral generalizes the Itoˆ one, in the sense that
it allows to integrate anticipating processes, but it produces the same results as
the latter when the integrand is adapted [8].
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Definition 3.1. A stochastic process {ϕ(t), t ∈ [a, b]} is forward integrable (in the
weak sense) over [a, b] with respect to Brownian motion {B(t), t ∈ [a, b]} if there
exists a stochastic process {I(t), t ∈ [a, b]} such that
sup
t∈[a,b]
∣∣∣∣
∫ t
a
ϕ(s)
B(s + ε)−B(s)
ε
ds− I(t)
∣∣∣∣→ 0, as ε→ 0+,
in probability. In this case, I(t) is the forward integral of ϕ(t) with respect to B(t)
on [a, b] and we denote
I(t) :=
∫ t
a
ϕ(s) d−B(s), t ∈ [a, b].
When the choice is the Russo-Vallois integral, we face the initial value problem
d−S1 = µS1 dt+ σ S1 d
−B(t) (3.1a)
S1(0) = Mf(B(T )), (3.1b)
where d− denotes the Russo-Vallois forward stochastic differential, and f was
defined in the previous section. It follows directly from the results in [8] that
this problem possesses a unique solution. In the next statement, we establish the
optimal investment strategy for the insider trader under Russo-Vallois forward
integration.
Theorem 3.2. Let f be a function of B(T ) such that f ∈ L∞(R) and 0 ≤ f ≤ 1.
The optimal investment strategy under Russo-Vallois integration is
f(B(T )) = 1{
B(T )>T
σ
(ρ−µ+ 1
2
σ2)
},
for model (2.1a)-(2.1b) and (3.1a)-(3.1b).
Proof. The Russo-Vallois integral preserves Itoˆ calculus [8] so using this classical
stochastic calculus it is possible to solve problem (3.1a)-(3.1b) explicitly to find
S0(t) = M (1− f(B(T ))) eρt
S1(t) = Mf(B(T ))e
(µ−σ2/2)t+σB(t).
Our goal is to find a strategy f such that E
[
M (RV)(T )
]
, withM (RV)(T ) := S1(T )+
S0(T ), is maximized. We compute
E
[
M (RV)(T )
]
= E [S0(T )] + E [S1(T )]
= M (1− E [f(B(T ))]) eρT +ME [f(B(T ))] eσB(T )e(µ−σ2/2)T
= MeρT
(
1−
∫ ∞
−∞
1√
2piT
f(x)e−
x2
2T dx
)
+Me(µ−σ
2/2)T
(∫ ∞
−∞
1√
2piT
f(x)e−
x2
2T eσxdx
)
.
where we have used that B(T ) ∼ N (0, T ). Now consider
M¯(f(x)) :=
E [M(T )]
M
.
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Hence, we get
M¯(f(x)) = eρT
(
1−
∫ ∞
−∞
1√
2piT
f(x)e−
x2
2T dx
)
+e(µ−σ
2/2)T
(∫ ∞
−∞
1√
2piT
f(x)e−
x2
2T eσxdx
)
= eρT +
∫ ∞
−∞
1√
2piT
f(x)e−
x2
2T
(
−eρT + e(µ−σ2/2)T eσx
)
dx.
The sign of this integrand is determined by the value of x, and it possesses a
unique root xc at
xc =
T
σ
(
ρ− µ+ σ
2
2
)
.
The inequality x > xc corresponds to
B(T ) >
T
σ
(
ρ− µ+ σ
2
2
)
,
and to the positivity of the integrand. Clearly, in this interval we should take f as
large as possible in order to maximize E
[
MRV(T )
]
. On the other hand, if x < xc
then the integrand is negative and we should take f as small as possible for the
same reason. This, together with the assumption 0 ≤ f ≤ 1, renders the optimal
investment strategy
f(B(T )) = 1{
B(T )>T
σ
(
ρ−µ+σ
2
2
)}.

Remark 3.3. The function f from Theorem 3.2 implies that the trader should
invest the whole amountM in the bank account or the stock according to the value
of B(T ), in particular, in the asset which actual value is larger at the maturity
time t = T (something that is known by the insider). Hence, this investment
strategy not only maximizes the expected value E
[
MRV(T )
]
, but it does also take
advantage of the anticipating condition in an intuitive way. Thus, the Russo-
Vallois integral works as one would expect from the financial point of view, at
least for this formulation of the insider trading problem.
Remark 3.4. The expected wealth of the Russo-Vallois insider under this optimal
strategy was computed in [13] and reads
E
[
S(RV)(T )
]
= M Φ
[
(σ2 + 2ρ− 2µ)√T
2 σ
]
eρT
+M Φ
[
(σ2 − 2ρ+ 2µ)√T
2 σ
]
eµT ,
where
Φ (·) = 1√
2pi
∫ ·
−∞
e−s
2/2 ds,
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is the cumulative distribution function of the standard normal distribution. In the
same reference it was proven that
E
[
S(I)(T )
]
< E
[
S(RV)(T )
]
,
a fact that matches well with what one expects from the financial viewpoint.
4. The Ayed-Kuo integral
The Ayed-Kuo integral was introduced in [1, 2]. As the previous theory, it
generalizes the Itoˆ integral to anticipating integrands. Let us now consider a
Brownian motion {B(t), t ≥ 0} and a filtration {Ft, t ≥ 0} such that:
(i) For all t ≥ 0, B(t) is Ft-measurable,
(ii) for all 0 ≤ s < t, B(t)−B(s) is independent of Fs.
We also recall the notion of instantly independent stochastic process introduced
in [1].
Definition 4.1. A stochastic process {ϕ(t), t ∈ [a, b]} is said to be an instantly
independent stochastic process with respect to the filtration {Ft, t ∈ [a, b]}, if and
only if, ϕ(t) is independent of Ft for each t ∈ [a, b].
For the Ayed-Kuo integral, the integrand is assumed to be a product of an
adapted stochastic process with respect to the filtration Ft and an instantly inde-
pendent stochastic process. Next, we recall its definition as given in [1].
Definition 4.2. Let {f(t), t ∈ [a, b]} be a {Ft}-adapted stochastic process and
let {ϕ(t), t ∈ [a, b]} be an instantly independent stochastic process with respect to
{Ft, t ∈ [a, b]}. The Ayed-Kuo stochastic integral of f(t)ϕ(t) is defined by∫ b
a
f(t)ϕ(t) d∗B(t) := lim
|Πn|→0
n∑
i=1
f(ti−1)ϕ(ti) (B(ti)−B(ti−1)) ,
provided that the limit in probability exists, where Π = {a = t0, t1, t2, ..., tn = b}
is a partition of the interval [a, b] and |Πn| = max1≤i≤n (ti − ti−1).
For the Ayed-Kuo integral we denote the initial value problem as
d∗S1 = µS1 dt+ σ S1 d
∗B(t) (4.1a)
S1(0) = Mf(B(T )), (4.1b)
where d∗ denotes the Ayed-Kuo stochastic differential, and f is as before. This
anticipating stochastic differential equation, as the previous case, has a unique and
explicitly computable solution at least when f ∈ C(R) [18].
Now, we establish the optimal investment strategy for the insider under Ayed-
Kuo integration. For this we assume as before the no-shorting condition 0 ≤ f ≤ 1
along with the regularity constraint f ∈ C(R) for technical reasons.
Theorem 4.3. Let f be a function of B(T ) such that f ∈ C(R) and 0 ≤ f ≤ 1.
The optimal investment strategy under Ayed-Kuo integration is
f(B(T )) = 1,
for model (2.1a)-(2.1b) and (4.1a)-(4.1b).
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Proof. Using the Itoˆ formula for the Ayed-Kuo integral [18] it is possible to solve
problem (4.1a)-(4.1b) explicitly to find
S0(t) = M (1− f(B(T ))) eρt
S1(t) = Mf(B(T )− σt)e(µ−σ
2/2)t+σB(t).
Our aim is to find the strategy f such that E [M(T )] is maximized. Hence, we
have
E
[
M (AK)(T )
]
= E [S0(T )] + E [S1(T )]
= M (1− E [f(B(T ))]) eρT
+ME
[
f(B(T )− σT )eσB(T )
]
e(µ−σ
2/2)T
= MeρT
(
1−
∫ ∞
−∞
1√
2piT
f(x)e−
x2
2T dx
)
+Me(µ−σ
2/2)T
(∫ ∞
−∞
1√
2piT
f(x− σT )e− x
2
2T eσxdx
)
,
where we have used that B(T ) ∼ N (0, T ). By changing variables
y = x− σT,
and
M¯(T ) =
E
[
M (AK)(T )
]
M
,
where the first change is implemented in the second integral only, we find
M¯(T ) = eρT
(
1−
∫ ∞
−∞
1√
2piT
f(x)e−
x2
2T dx
)
+e(µ−σ
2/2)T
(∫ ∞
−∞
1√
2piT
f(x− σT )e− x
2
2T eσxdx
)
= eρT − eρT
∫ ∞
−∞
1√
2piT
f(x)e−
x2
2T dx
+
∫ ∞
−∞
1√
2piT
f(y)e−
(y+σT )2
2T e(µ−σ
2/2)T eσ(y+σT )dy
= eρT − eρT
∫ ∞
−∞
1√
2piT
f(x)e−
x2
2T dx
+
∫ ∞
−∞
1√
2piT
f(y)e−
(y2+σ2T2+2yσT)
2T eµT−σ
2T/2eσy+σ
2Tdy
= eρT − eρT
∫ ∞
−∞
1√
2piT
f(x)e−
x2
2T dx+ eµT
∫ ∞
−∞
1√
2piT
f(y)e−
y2
2T dy.
Therefore, we may summarize this as
M¯(t) = eρT − eρTE [f(B(T ))] + eµTE [f(B(T ))] .
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By assumption, f is a function of B(T ) such that 0 ≤ f ≤ 1, and µ > ρ; so we have
a convex linear combination and, since the exponential function is strictly mono-
tone, we conclude E [M(t)] ∈ [MeρT ,MeµT ]. Then clearly E [M(t)] is maximized
whenever
E [f(B(T ))] = 1.
Equivalently we have
1√
2piT
∫ ∞
∞
f(x)e−
x2
2T dx = 1,
and consequently f(B(T )) = 1. 
Remark 4.4. It is possible to add a brief discussion of the case in which f is a
function of B(T ) such that f ∈ L∞(R) and 0 ≤ f ≤ 1. The optimal investment
strategy under Ayed-Kuo integration could possibly be
f(B(T )) = 1,
in this case as well. Let us argue why.
We start considering {fn}∞n=1, a sequence of functions such that fn ∈ C(R) and
0 ≤ fn ≤ 1 for all n ∈ N. Then, we have
|E [f(B(T ))]− E [fn(B(T ))] | = |E [f(B(T ))− fn(B(T ))] |
≤ E [|f(B(T ))− fn(B(T ))|]
=
1√
2piT
∫ ∞
−∞
|f(x)− fn(x)|e− x
2
2T dx.
By Lusin Theorem [21], there exists such a family {fn}n∈N so that
1√
2piT
∫ ∞
−∞
|f(x) − fn(x)|e− x
2
2T dx→ 0,
as n→∞. In consequence
E [fn(B(T ))] → E [f(B(T ))] ;
this means that we can approximate any strategy f ∈ L∞(R) by a sequence of
strategies fn ∈ C(R). This in turn suggests that the strategy f found in The-
orem 4.3 does not change if we look for the optimal investment allocation in
the bigger space L∞(R) ) C(R). A complete proof would require the solution
of (4.1a)-(4.1b) under the more general condition f ∈ L∞(R).
Remark 4.5. The function f from Theorem 4.3, and also from Remark 4.4, suggests
that the formalization of the problem based on the Ayed-Kuo integral does not
take advantage of the anticipating initial condition, as this optimal investment
strategy is the same as the one of the honest trader. Indeed, it implies to invest
the whole amount M in the stock, in such a way that
E
[
M (AK)(T )
]
= MeµT .
Thus, the result of the use of the Ayed-Kuo integral seems to be counterintuitive
in the financial sense, at least for this formulation of the insider trading problem.
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5. The Hitsuda-Skorokhod integral
The Hitsuda-Skorokhod integral is an anticipating stochastic integral that was
introduced by Hitsuda [15] and Skorokhod [28] by means of different methods.
The following definition makes use of the Wiener-Itoˆ chaos expansion; background
on this topic can be found for instance in [8, 16].
Definition 5.1. Let X ∈ L2([0, T ]×Ω) be a square integrable stochastic process.
By the Wiener-Itoˆ chaos expansion, X can be decomposed into an orthogonal
series
X(t, ω) =
∞∑
n=0
In(fn,t),
in L2(Ω), where fn,t ∈ L2([0, T ]n) are symmetric functions for all non-negative
integers n. Thus, we write
fn,t(t1, . . . , tn) = fn(t1, . . . , tn, t),
which is a function defined on [0, T ]n+1 and symmetric with respect to the first n
variables. The symmetrization of fn(t1, . . . , tn, tn+1) is given by
fˆn(t1, . . . , tn+1) =
1
n+ 1
[fn(t1, . . . , tn+1) + fn(tn+1, t2, . . . , t1) + . . .+ fn(t1, . . . , tn+1, tn)] ,
because we only need to take into account the permutations which exchange the
last variable with any other one. Then, the Hitsuda-Skorokhod integral of X is
defined by ∫ T
0
X(t, ω) δB(t) :=
∞∑
n=0
In+1(fˆn),
provided that the series converges in L2(Ω).
For the Hitsuda-Skorokhod integral we arrive at the initial value problem
δS1 = µS1 dt+ σ S1 δBt (5.1a)
S1(0) = Mf(B(T )), (5.1b)
for a Hitsuda-Skorokhod stochastic differential equation, where δ denotes the
Hitsuda-Skorokhod stochastic differential. The existence and uniqueness theory
for linear stochastic differential equations of Hitsuda-Skorokhod type, which cov-
ers the present case, can be found in [6]; as before, f is a function of B(T ), such
that f ∈ L∞(R) and 0 ≤ f ≤ 1. In this case we have the following result.
Theorem 5.2. The unique solution of (5.1a) and (5.1b) is
S1(t) =Mf(B(T )− σt)e(µ−σ
2/2)t+σB(t).
Proof. The statement is a particular case of the existence and uniqueness result
in [5], which in turn states that the solution to stochastic differential equations of
the form
δYt = µt Yt dt+ σt Yt δBt, Y0 = η, 0 ≤ t ≤ T,
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with σt ∈ L∞([0, 1]), µt ∈ L∞([0, 1]× Ω), and η ∈ Lp(Ω), p > 2 is given by
Yt = η(U0,t) exp
[∫ t
0
µs(Us,t) ds
]
Xt, a. s., 0 ≤ t ≤ T, (5.2)
where
Xt = exp
(∫ t
0
σs δBs − 1
2
∫ t
0
σ2s ds
)
, 0 ≤ t ≤ T,
and, for 0 ≤ s ≤ t ≤ T , the Girsanov transformation is
Us,t = B(u)−
∫ u
0
1[s,t](r)σr dr, 0 ≤ u ≤ T.
Now taking σs = σ and µs = µ as two constant processes, and η = Mf(B(T )),
the different factors in (5.2) become
eµt = exp
[∫ t
0
µs(Us,t)ds
]
Xt = exp
[
σB(t) − σ2t/2]
η(U0,t) = Mf(B(T )− σt).
Since
E (|η|p) ≤ E(Mp) =Mp <∞,
the result follows. 
Corollary 5.3. Let f be a function of B(T ) such that f ∈ L∞(R) and 0 ≤ f ≤ 1.
The optimal investment strategy under Hitsuda-Skorokhod integration is
f(B(T )) = 1,
for model (2.1a)-(2.1b) and (5.1a)-(5.1b).
Proof. The statement is a direct consequence of Theorem 5.2 and the proof of
Theorem 4.3. 
Remark 5.4. Note that this result is the same as the one found in the previous
section for the Ayed-Kuo integral but in the original general case f ∈ L∞(R)
(so in particular Remark 4.4 is not necessary here). Therefore the same financial
conclusions hold in this case as well.
6. Conclusions
In this work we have considered a version of insider trading that allows us to
compare the optimal investment strategies provided by three different anticipating
stochastic integrals: the Russo-Vallois forward, the Ayed-Kuo and the Hitsuda-
Skorokhod integrals.
Specifically, we have considered the following formulation of insider trading for
the bank account
dS0 = ρ S0 dt
S0(0) = M (1− f(B(T ))) ,
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and for the stock
d¯S1 = µS1 dt+ σ S1 d¯B(t)
S1(0) = Mf(B(T )),
where the anticipating initial condition f is a function of B(T ), such that f ∈
L∞(R) and 0 ≤ f ≤ 1, and d¯ ∈ {d−, d∗, δ} is a stochastic differential of one of
the types under consideration. That is, we have only considered buy-and-hold
strategies for which shorting is not allowed.
Our main task has been to establish the optimal investment strategy for each
of the anticipating integrals. When the choice is the Russo-Vallois integral, the
investment strategy that maximizes the expected wealth is to invest the whole
amount M in the asset which actual value is larger at maturity time. Thus,
f(B(T )) = 1{
B(T )>T
σ
(
ρ−µ+σ
2
2
)}.
For the Ayed-Kuo (in this case under the stronger condition f ∈ C(R), but see
Remark 4.4) and the Hitsuda-Skorokhod integrals, the optimal investment strategy
is the same as the one in the Itoˆ case (that is, the uninformed case), which implies
to invest the whole amount M in the stock. Hence,
f(B(T )) = 1.
These results suggest that the Russo-Vallois integral works as one would expect
from a financial perspective, while the Ayed-Kuo and Hitsuda-Skorokhod integrals
provide a solution that seems to be counterintuitive in the financial sense. Indeed,
from our present results along with those in [13] it follows that
E
[
S(I)(T )
]
= E
[
S(AK)(T )
]
= E
[
S(HS)(T )
]
< E
[
S(RV)(T )
]
,
where we have chosen the optimal investment allocation in each case. If we selected
the optimal Russo-Vallois strategy for all the three anticipating cases the situation
becomes even worse, see [13]; and it could be even more critical if we allowed dif-
ferent strategies, see [3]. All in all, our results suggest that while the Russo-Vallois
forward integral allows the insider to make full use of the privileged information,
both the Ayed-Kuo and Hitsuda-Skorokhod integrals effectively transform the in-
sider into an uninformed trader.
References
1. Ayed, W. and Kuo, H.-H.: An extension of the Itoˆ integral, Communications on Stochastic
Analysis 2 (2008), 323–333.
2. Ayed, W. and Kuo, H.-H.: An extension of the Itoˆ integral: toward a general theory of
stochastic integration, Theory of Stochastic Processes 16 (2010), 1–11.
3. Bastons, J. C. and Escudero, C.: A Triple Comparison between Anticipating Stochastic
Integrals in Financial Modeling, Communications on Stochastic Analysis 12 (2018), 73–87.
4. Biagini, F. and Øksendal, B.: A general stochastic calculus approach to insider trading,
Appl. Math. & Optim. 52 (2005), 167–181.
5. Buckdahn, R.: Anticipating linear stochastic differential equations, Lecture Notes in Control
and Information Sciences 136 (1989), 18–23.
6. Buckdahn, R.: Linear Skorohod stochastic differential equations, Probab. Theory Rel. Fields
90 (1991), 223–240.
12 CARLOS ESCUDERO AND SANDRA RANILLA-CORTINA
7. Correales, A´. and Escudero, C.: Itoˆ vs Stratonovich in the presence of absorbing states, J.
Math. Phys. 60 (2019), 123301.
8. Di Nunno, G., Øksendal, B., and Proske, F.: Malliavin Calculus for Le´vy Processes with
Applications to Finance, Springer, Berlin (2009).
9. Draouil, O. and Øksendal, B.: A Donsker delta functional approach to optimal insider control
and applications to finance, Comm. Math. Stat. 3 (2015), 365–421.
10. Draouil, O. and Øksendal, B.: Stochastic differential games with inside information, Infin.
Dimens. Anal. Quantum. Probab. Relat. Top. 19 (2016), 1650016.
11. Draouil O. and Øksendal, B.: Optimal insider control and semimartingale decompositions
under enlargement of filtration, Stochastic Analysis and Applications 34 (2016), 1045–1056.
12. Einstein, A.: U¨ber die von der molekularkinetischen Theorie der Wa¨rme geforderte Bewegung
von in ruhenden Flu¨ssigkeiten suspendierten Teilchen, Ann. Phys. 17 (1905), 549–560.
13. Escudero, C.: A simple comparison between Skorokhod & Russo-Vallois integration for in-
sider trading, Stochastic Analysis and Applications 36 (2018), 485–494.
14. Escudero, C.: Kinetic energy of the Langevin particle, arXiv:2003.09866 (2020).
15. Hitsuda, M.: Formula for Brownian partial derivatives, Second Japan-USSR Symp. Probab.
Th. 2 (1972), 111–114.
16. Holden, H., Øksendal, B., Ubøe, J., and Zhang, T.: Stochastic Partial Differential Equations,
Springer, New York (2010).
17. Horsthemke, W. and Lefever, R.: Noise-Induced Transitions: Theory and Applications in
Physics, Chemistry, and Biology, Springer, New York (1983).
18. Hwang, C.-R., Kuo, H.-H., Saitoˆ, K., and Zhai, J.: A general Itoˆ formula for adapted
and instantly independent stochastic processes, Communications on Stochastic Analysis 10
(2016), 341–362.
19. Itoˆ, K.: Stochastic integral, Proc. Imp. Acad. Tokyo 20 (1944), 519–524.
20. Itoˆ, K.: On a stochastic integral equation, Proc. Imp. Acad. Tokyo 22 (1946), 32–35.
21. Kestelman, H.: Modern Theories of Integration, Dover, New York (1960).
22. Langevin, P.: Sur la the´orie du mouvement brownien, C. R. Acad. Sci. Paris 146 (1908),
530–533.
23. Leo´n, J. A., Navarro, R., and Nualart, D.: An anticipating calculus approach to the utility
maximization of an insider, Mathematical Finance 13 (2003), 171–185.
24. Mannella, R. and McClintock, P. V. E.: Itoˆ versus Stratonovich: 30 years later, Fluctuation
Noise Lett. 11 (2012), 1240010.
25. Nualart, D.: The Malliavin Calculus and Related Topics, Springer, Berlin (1995).
26. Russo, F. and Vallois, P.: Forward, backward and symmetric stochastic integration, Probab.
Theory Rel. Fields 97 (1993), 403–421.
27. Van Kampen, N. G.: Itoˆ versus Stratonovich, J. Stat. Phys. 24 (1981), 175–187.
28. Skorokhod, A. V.: On a generalization of a stochastic integral, Th. Probab. Appl. 20 (1975),
219–233.
29. Stratonovich, R. L.: A new representation for stochastic integrals and equations, SIAM J.
Control 4 (1966), 362–371.
Carlos Escudero: Departamento de Matema´ticas Fundamentales, Universidad Na-
cional de Educacio´n a Distancia, Spain
E-mail address: cescudero@mat.uned.es
Sandra Ranilla-Cortina: Departamento de Ana´lisis Matema´tico y Matema´tica Apli-
cada, Universidad Complutense de Madrid, Spain
E-mail address: sranilla@ucm.es
